Structure-function studies on the membrane proteins involved in human iron metabolism by ガナセン メネガ
  
         
     
     
  
   
   
       
  
 
       
     
    
    
  
    














論文題目 Structure-function studies on the membrane proteins involved in human
iron metabolism
「ヒトの鉄代謝に関わる膜タンパク質の構造機能研究」




















本論文において、 Ganasen 氏は鉄イオンの吸収に必須の膜タンパク質 Dcytb (Duodenal






















して、Dcytb により還元された鉄を DMT-1 が効率よく輸送するためのメカニズムを提唱し、
それらの検証の必要性について議論した。本論文の主要部分は Communications Biology（Nature
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The thesis, written by Miss Menega Ganasen with the title “Structure – function studies of the membrane
proteins involved in human iron metabolism”, is composed of 4 chapters: Introduction; Characterization of
a novel heme transporter in animals (Heme Responsive Gene-1 and 4 from of C. elegans); Structural
insights into non-heme iron absorption in human duodenum (Dcytb) and General conclusion and future
prospects.
The first chapter gives an overall introduction to iron absorption, its importance for mammals and 
challenges in iron transport and uptake. In this chapter Menega also introduces membrane proteins Heme
Responsive Gene (HRG), Duodenal Cytochrome b (Dcytb) and Divalent Metal Transporter-1 (DMT-1)
involved in heme iron and free iron absorption.
The second chapter is dedicated to overexpression, characterisation and crystallisation of C. elegans
HRG-4 protein (CeHRG-4, which was discovered as transmembrane permeases upregulated in response
to heme deficiency and localized on apical plasma membrane. CeHRG-4 only present in heme auxotrophs
such as roundworms, parasitic helminthes, and some protozoan parasites, so finding inhibitor will be very
beneficial for the development of antihelminthics and anti-parasitic drugs. Menega successfully
overexpressed the protein in Pichia pastoris and overcome difficulties in finding correct detergent to 
prevent protein aggregation. She also succeeded in protein crystallisation but failed to grow diffracting 
crystals, which is not surprising, membrane proteins crystal are known for their poor diffracting properties.
In order to understand the substrate specificity the in vivo yeast spot assay was used to prove the protein
preference to heme.
Chapter three is the main chapter of the thesis and dedicated to X-ray crystal structure of homodimeric
human duodenal cytochrome b (Dcytb) in free and bond with Zn2+ and ascorbate forms. Dcytb is an 
integral membrane protein that catalyses reduction of nonheme Fe3+ by electron transfer from ascorbate
across the membrane. Menega overexpressed the protein in E.coli, purified, crystallised, solved its
structure by X-ray crystallography and also performed many biophysical experiments to understand the
function and metal binding. Most of very impressive results of this chapter were recently published in 
Communication biology journal, where Menega is the first author.
In addition to published results very detailed comparison between Dcytb and plant enzyme Arabidopsis
thaliana Cytochrome b561 (AtCytb561), which was used as a starting model to solve the crystal structure,
is provided. The work clearly shows the importance of cooperative binding of ascorbate and Zn2+ to the
apical substrate binding site for Dcytb function. The results of this chapter gave a structural basis for the
mechanism by which Fe3+ uptake is promoted by reducing agents and should facilitate structure-based 
development of improved agents for absorption of orally administered iron.
Chapter four is dedicated to general conclusions and future direction of the research, where in the first part
the role of heme transport by CeHRG-4 has been discusses and further strategy for structure 
determination. In the second part of the concluding chapter the role of ascorbate as possible Fe2+ chelator
in the lumen of duodenum is discussed as the result from Dcytb study. This chapter is continues with the
discussion on the progress with human DMT-1 protein
I am not sure why DMT-1 study is positioned within part 4. Preliminary DMT-1 results could be better 
placed as additional chapter in the result part of the thesis together with detailed methodology on its
expression and purification.
 
          
  
 
            
              
              
              
 
               
            
           
               
          






            
The results of his thesis were presented at many scientific meetings held in Japan and abroad and 
published in following paper
Menega Ganasen, Hiromi Togashi, Hanae Takeda, Honami Asakura, Takehiko Tosha, Keitaro Yamashita,
Kunio Hirata, Yuko Nariai, Takeshi Urano, Xiaojing Yuan, Iqbal Hamza, A. Grant Mauk, Yoshitsugu Shiro,
Hiroshi Sugimoto and Hitomi Sawai Communications Biology, 1 (2018) Article number 120. As the paper
does not include authors contribution, it is important to explain authors contribution in the thesis.
The standard of written English is acceptable. The results described are convincing, and represent a
significant increase in our understanding of the iron intake mechanism. Chapter 3 has been translated into 
high-impact paper. I am convinced, therefore, that the science described in the thesis is of high quality and 
recommend PhD degree award after minor corrections to the thesis (the list of minor corrections is
provided separately). I also would like to comments on excellent quality of original illustrations helping the 
reader to understand the work.
Dr Svetlana Antonyuk 19.10.2018
